Motivation: Previously, we developed a computational model to identify genomic co-occurrence networks that was applied to capture the coevolution patterns within genomes of influenza viruses. To facilitate easy public use of this model, an R package 'cooccurNet' is presented here. Results: 'cooccurNet' includes functionalities of construction and analysis of residues (e.g. nucleotides, amino acids and SNPs) co-occurrence network. In addition, a new method for measuring residues coevolution, defined as residue co-occurrence score (RCOS), is proposed and implemented in 'cooccurNet' based on the co-occurrence network. Availability and Implementation: 'cooccurNet' is publicly available on CRAN repositories under the GPL-3 Open Source License (http://cran.r-project.org/package¼cooccurNet)
Introduction
Coevolution is an important driving force in evolution (Lankau, 2012) . It is prevalent in biology and can occur at multiple biological levels ranging from macroscopic level such as traits coevolution between species and host-parasite coevolution (Rabajante et al., 2015) , to microscope level such as gene and residue coevolution (Fraser et al., 2004; Jones et al., 2012) . Computational models that can identify coevolutionary processes may have far-reaching applications. For instance, the coevolution between residues, driven by the constraints imposed by structural or functional integrity such as residue-residue contact can be identified by computational methods, which was demonstrated to be helpful in prediction of protein structures (Jones et al., 2012; Wang et al., 2016) . Extending this trend with novel and improved coevolution models to predict residue contacts with increasing precision would facilitate even more accurate protein structure modeling (Michel et al., 2014) .
The rapid development of next-generation DNA sequencing technology has led to an accumulation of huge amounts of genomic sequences. How to identify the complex interactions between genetic elements within genomic sequences and their associations with diseases is rather challenging. In our previous work (Du et al., 2008 ), a computational model was developed to identify the genomic co-occurrence network that captures the coevolution patters within influenza virus genomes. The model was demonstrated to accurately describe the complex evolutionary patterns between individual genes and effectively capture the evolutionary antigenic features of influenza H3N2 viruses at the whole-genome level. In contrast to previous methods available to identify coevolution, the developed model can transform every genomic sequence into a cooccurrence network (Fig. 1A) , which may capture important features of species, such as antigenicity (Du et al., 2008) , case fatality rates (Deng et al., 2015) and so on. Here, we present an R package V C The Author 2017. Published by Oxford University Press. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com called 'cooccurNet' to facilitate easy use of the co-occurrence network model. Further, a new and improved method for measuring residue coevolution is integrated, based on the co-occurrence network.
Description of 'cooccurNet'
'cooccurNet' includes functionalities of constructing and analyzing co-occurrence networks, as well as calculating the extent of cooccurrence between residues (Fig. 1B) . The input for 'cooccurNet' allows four kinds of data in FASTA format: DNA, RNA, protein and SNP, but other kinds of data can also be analyzed. The outputs for 'cooccurNet' are multiple and can be summarized as follows: First, a co-occurrence network is given for each sequence, which could easily be transformed into the format of igraph (Gabor and Tamas, 2006) by the function toigraph. Second, the inherent modules in each cooccurrence network and a number of basic network attributes are given for each network, such as connectivity and the clustering coefficient; Third, the extent of co-occurrence between residues, defined as residue co-occurrence score (RCOS), are given for all pairs of residues. This provides a new method to measure covariation between any pair of residues, which is defined as the ratio of sequences with perfect cooccurrence between the given pair of residues. The p-value of the RCOS is calculated through permutating the data N times with a default of N ¼ 100 (Supplementary Methods). To illustrate its usage in biological research, we used the RCOS method to identify the residues in contact on a benchmark dataset derived from published work (Jones et al., 2012) . The results showed that the model achieved comparable performance to PSICOV (Jones et al., 2012) , one of the stateof-the-art methods (Supplementary Information), yet it is more simple. It could be a useful complement to the current methods.
Installation of 'cooccurNet' in R mainly relies on six packages: seqinr (Charif et al., 2016 ), parallel (R Core Team, 2015 , bigmemory (Kane et al., 2013) , Matrix (Bates and Maechler, 2016) , foreach (Calaway et al., 2015) and igraph (Gabor and Tamas, 2006) . These combine into an integrated environment for functionality of 'cooccurNet'. To optimize the usage of Random Access Memory (RAM) by 'cooccurNet', several adaptations were made (details see Supplementary Information), which is especially important with large-sized data inputs. Specifically, the prime number was used to replace the character in the data inputted when storing and manipulating the data in R, which could save half of the required RAM usage; in addition, the package 'bigmemory' was used to manage large datasets using pointer objects; finally, 'cooccurNet' could determine automatically whether or not all data could be manipulated in the RAM, according to the size of input data and the RAM available for R. If the RAM is insufficient, the package 'Matrix' is used to initialize huge sparse matrices, which significantly reduces the RAM consumed. (Du et al., 2008) ). (B) Overview of 'cooccurNet', including its inputs, outputs and dependencies. The parameter set for "cooccurNet" is described in details in the Supplementary Information
